The relation between the occurrence of repolarisation abnormalities after right ventricular pacing and spontaneous arrhythmias was investigated in 16 patients in whom the sick sinus syndrome was suspected. All patients had normal QRS complexes and T waves in the electrocardiogram before pacing and required atrial stimulation and His bundle recording for diagnostic purposes. Patients were randomised into a study group or a control group. In the eight patients in the study group right ventricular pacing was performed for 12 hours, and was followed by inversion of the T wave in surface leads II, III, aVF, and V2-V5 and lengthening of the QTc interval. The frequency and complexity of ventricular arrhythmias increased after pacing in six patients who had ventricular extrasystoles in the baseline Holter recording. As the configuration of the T wave became normal the frequency of ventricular extrasystoles returned to baseline values. In the control group of eight patients ventricular pacing was not performed after the electrophysiological study and no changes were seen in T wave configuration and in the frequency of spontaneous arrhythmias.
The clinical significance of these post-pacing abnormalities of repolarisation is still controversial. A possible relation to myocardial ischaemia was proposed initially; however, these abnormalities also occur in the absence of coronary artery disease. 6 Electrical stimulation of the myocardium induces profound alterations of the electrical properties within the stimulated area,7 8 and unequal recovery of the cardiac muscle increases vulnerability to arrhythmias.9 10 We have investigated whether the frequency of spontaneous arrhythmias changed during the repolarisation abnormalities caused by a period of right ventricular pacing.
Patients and methods

PATIENTS
We studied 16 patients (nine men and seven women; Post-pacing T wave inversion and ventricular arrhythmias mean age 57 years, range 43-68 years). They were randomised into a study or a control group (eight patients in each group). In all of them sinus node disease was suspected on the basis of repeated episodes of bradycardia and was the indication for an electrophysiological study. The electrocardiogram showed normal ventricular activation and repolarisation in all patients before the study. The axis of the QRS complex in the frontal plane lay between 00 and 900. Coronary artery disease was excluded on the basis of history, clinical observation, resting and exercise electrocardiogram, and 24 hour Holter recording. Coronary angiography was performed in seven patients and was normal in all. In 10 patients (six in the study group and four in the control group) a 24 hour Holter recording showed ventricular extrasystoles of variable frequency, which were not symptomatic.
All patients gave informed written consent to the study including the invasive procedure and the stimulation period after the diagnostic electrophysiological study.
STIMULATION PROTOCOL
The diagnostic electrophysiological study, including the His bundle recording, was performed in both groups.
After the diagnostic procedures had been completed in the patients in the study group a bipolar or tripolar electrode catheter was advanced to the apex of the right ventricle to a position with a stimulation threshold of between 0 5 and l OmA. A Medtronic programmable stimulator (model 5325) was used to deliver stimuli. Square wave pulses lasting 2 ms were given at twice diastolic threshold. The lowest possible pacing rate that ensured constant ventricular capture (between 70 and 90 beats/min) was used.
Pacing was started at 8 pm and was continued for 12 hours in all patients. The lower cardiac rate during the night permits ventricular pacing at low rates. In the control group electrode catheters were withdrawn after the electrophysiological study, and electrocardiographic recordings and Holter monitorings were performed in the same way as in the study group 
Results
STUDY GROUP Electrocardiographic measurements
The period of ventricular stimulation was followed by persistent repolarisation changes (fig 1) . The following features were seen in all eight patients in the study group: (a) inversion of the T wave in leads II, III, and aVF, leading to a shift of the T wave vector leftwards and upwards; (b) significant leftward deviation of the ventricular gradient in the frontal plane; and (c) decrease of the measured area.
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V1 i~r - The T wave from leads V2 to V5 was inverted in five patients, and in the remaining three it was flattened or reduced in amplitude in these leads. These changes were evident at the end of pacing and reached a maximum [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] hours after the end of pacing. Reversion of these abnormalities was slow, with restoration of the original values [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 
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episodes of ventricular tachycardia (3 beats).
A, baseline recording; B, first 24 hours after pacing; C, recovery.
difference in the axis of the T wave, in the ventricu-taneous arrhythmias seen during Holter monitoring lar gradient, and QTc interval in the control group after the electrophysiological study did not cjange. when we compared data collected before and after In the four patients who did not have arrhythias the electrophysiological study. Four patients had during the baseline study there were no spontaneous ventricular arrhythmias; but the frequency of spon-arrhythmias during the second and third recordings.
._- 
Post-pacing T wave inversion and ventricular arrhythmias Discussion
The presence of changes in ventricular repolarisation and an increased frequency of spontaneous ventricular arrhythmias in the patients of the study group but not in the control group suggests that ventricular stimulation rather than other procedures was responsible for these changes.
REPOLARISATION ABNORMALITIES INDUCED BY VENTRICULAR PACING AND SPONTANEOUS ARRHYTHMIAS
Patients who had no arrhythmias in the baseline study did not show spontaneous arrhythmias when repolarisation abnormalities were induced by a 12 hour period of right ventricular pacing. In patients who presented with ventricular arrhythmias, however, we found that a 2-15 fold increase in ventricular arrhythmias and the presence of ventricular tachycardia were accompanied by the appearance of post-pacing repolarisation abnormalities. This, and the return to baseline values of the ventricular arrhythmias with recovery of normal repolarisation, virtually excluded spontaneous variability of ventricular ectopy."3 14
The strict temporal relation between repolarisation abnormalities and worsening of spontaneous arrhythmias suggests that spontaneous electrical instability was exacerbated by changes in the ventricular gradient and the lengthening of the QTc interval. In some patients these repolarisation abnormalities may reflect an increased electrical instability.
The basis for this effect could be an increase in the inequalities of recovery in different areas of the myocardium. In a series of experiments by Kuo etal'5 a previously "innocuous" premature stimulus could at a critical degree of dispersion of repolarisation trigger repetitive responses that eventually led to ventricular fibrillation. In that study changes in the T wave and prolongation of QTc interval were evident at the time of induction of ventricular fibrillation. Also repetitive responses could be induced when a critical degree of dispersion of repolarisation was reached, even when spontaneous arrhythmias did not occur during the control period. These data suggest that electrical instability may be caused by repolarisation abnormalities even in the absence of spontaneous arrhythmias before the repolarisation abnormalities were induced.
The reported experimental data may be clinically relevant to our study. Our patients without arrhythmias in the baseline recording remained free from arrhythmias after pacing induced changes in repolarisation, probably because the degree of dispersion of repolarisation that was achieved was not sufficient to induce spontaneous arrhythmias. In contrast the increased electrical instability that accompanied the post-pacing repolarisation abnormalities in patients with pre-existing spontaneous ventricular arrhythmias may have increased the frequency of single ectopic complexes and the spontaneous occurrence of the repetitive arrhythmias.
Torsade de pointe has been described at the end of ventricular pacing (patient 1 in reference 16). The electrocardiogram of this patient showed inversion of the T wave in leads II, III, aVF, and in the precordial leads and no prolongation of the QT interval. These findings suggested a possible role of repolarisation abnormalities and increased electrical instability in the genesis of the arrhythmia.
POSSIBLE MECHANISMS OF REPOLARISATION ABNORMALITIES
In all patients in this study right ventricular pacing was followed by a shift toward the left and upwards of the T wave vector and of the ventricular gradient in the frontal plane. Our data show that the repolarisation sequence has shifted. Repolarisation is proceeding in the opposite direction to the basal state. This may be caused by a lengthening of action potential in the apical regions as a result of right ventricular apical pacing. Repolarisation proceeds from the epicardium to the endocardium'7 18; a positive T wave is related to the shorter refractory period and shorter monophasic action potential in the epicardial than in the endocardial layers'9 20; the inversion of the T wave in the precordial leads after ventricular pacing may reflect a relative lengthening of the action potential in the epicardium (or in the right surface of the interventricular septum) compared with the endocardial layers of the left ventricle.
The time course of changes and recovery to baseline values was similar for both ventricular gradient and QTc interval, suggesting that the two events may share a common mechanism. The lengthening of the QT interval could be related to the degree of dispersion of repolarisation caused by prolongation of action potential in the stimulation area.
T WAVE MEMORY?
It has been suggested that the persistence of the observed repolarisation abnormalities beyond the period of ventricular pacing is related to the possible effects of electrotonic currents.6 This view, however, has been criticised,2' 22 because electrotonic currents, which are passive phenomena, should only affect the repolarisation sequence associated with a given depolarisation. Therefore, after the recovery of normal intraventricular activation a repolarisation sequence similar to the original should occur.
Cohen et al proposed a different explanation for the development and persistence of the repolarisation abnormalities.23 They suggested that the continuous electrical activity of the heart itself is responsible for the genesis of an electrical gradient throughout the ventricles and that metabolic factors are involved in the maintenance of inequalities in repolarisation. The time course of recovery to normal repolarisation of our study suggests the possibility that metabolic factors can play a role in the persistence of the T wave changes.
We found that the repolarisation abnormalities that occur after ventricular pacing, which previously have not be regarded as clinically relevant, may be clinically important. Inversion of the T wave after ventricular pacing was accompanied by an increased electrical instability, which was manifested by a higher frequency of spontaneous ventricular arrhythmias. Patients in whom prolonged ventricular pacing is suddenly stopped may demonstrate increased electrical instability in the early phase after the end of pacing. Patients with pre-existing ventricular arrhythmias are particularly susceptible to such instability.
